Turkish Journal of Zoology
Volume 45

Number 7

Article 3

1-1-2021

Kinorhynchs from sandy coastal habitats in Turkey, with the
description of a new pan-Mediterranean species of Echinoderes
(Cyclorhagida: Echinoderidae)
MARTIN VINTHER SØRENSEN
MARIA HERRANZ
FERNANDO PARDOS
FURKAN DURUCAN

Follow this and additional works at: https://journals.tubitak.gov.tr/zoology
Part of the Zoology Commons

Recommended Citation
SØRENSEN, MARTIN VINTHER; HERRANZ, MARIA; PARDOS, FERNANDO; and DURUCAN, FURKAN (2021)
"Kinorhynchs from sandy coastal habitats in Turkey, with the description of a new pan-Mediterranean
species of Echinoderes (Cyclorhagida: Echinoderidae)," Turkish Journal of Zoology: Vol. 45: No. 7, Article
3. https://doi.org/10.3906/zoo-2108-20
Available at: https://journals.tubitak.gov.tr/zoology/vol45/iss7/3

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Zoology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Zoology

Turk J Zool
(2021) 45: 526-549
© TÜBİTAK
doi:10.3906/zoo-2108-20

http://journals.tubitak.gov.tr/zoology/

Research Article

Kinorhynchs from sandy coastal habitats in Turkey, with the description of a new panMediterranean species of Echinoderes (Cyclorhagida: Echinoderidae)
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Abstract: Kinorhynchs from eight sandy, shallow water localities along the west and south coasts of Turkey were examined. The study
resulted in the finding of six different species: Two species, Echinoderes gerardi and Cephalorhyncha flosculosa were known from Turkey,
two species, Echinoderes riedli and Campyloderes vanhoeffeni were known from the Mediterranean, but are new to Turkey, and two
species, Echinoderes sp. and E. shahmaranae sp. nov. are new to science. Echinoderes sp. resembles E. charlotteae from the Gulf of Mexico,
but differs at some minor points. However, since only a single specimen was available, only diagnostic details, but no formal description,
is provided. Echinoderes shahmaranae sp. nov. is described from Muğla. The species is distinguished by its unique combination of spine;
tube and glandular cell type 2 distributions, as well as the presence of conspicuous, rigid, paraventral cuticular hairs. The latter character
was evaluated across all echinoderid species from which information was available. It is present in only sixteen other echinoderid
species, and is considered to be a character of potential phylogenetic significance. Other morphological findings include the confirmed
lack of paradorsal sensory spots on segments 4 and 5, and presence of a middorsal fissure on segment 11 in C. flosculosa.
Key words: Campyloderes, Cephalorhyncha, E. shahmaranae, meiofauna, Kinorhyncha, taxonomy

1. Introduction
The Mediterranean Sea is often considered to be the
cradle of taxonomic kinorhynch research, thanks to
Zelinka’s (1928) monumental monograph that focused
on kinorhynchs from the Gulf of Naples and the Adriatic
Sea. In more modern times, Dal Zotto has complemented
Zelinka’s work around the Italian Peninsula (Dal Zotto
2015; Dal Zotto and Todaro 2016; Dal Zotto et al., 2016,
2019; Yamasaki and Dal Zotto, 2019), whereas the Pardos
group has provided much information about the West
Mediterranean kinorhynch fauna (Sánchez et al., 2011,
2012, 2014, 2018; Herranz et al., 2012). In a very recent
contribution, the first Mediterranean record of the genus
Sphenoderes was made from Zelinka’s original sampling
site in the Gulf of Naples (Sørensen and Herranz, in
press). However, the East Mediterranean, and in particular
the Turkish kinorhynch fauna, has been left much more
unexplored, and was basically representing a blank spot
on the map until less than half a decade ago. Yamasaki et
al. (2018a, 2018b) explored the deeper parts of the East
Mediterranean, and described two species, Echinoderes
multiporus Yamasaki et al., 2018a and E. pterus Yamasaki

et al. 2018b. All remaining East Mediterranean kinorhynchs
are also part of the Turkish fauna.
The first contributions about the Turkish kinorhynch
fauna were published by Sönmez et al. (2016), Ürkmez et
al. (2016) and Yıldız et al. (2016), soon to be followed by
Yamasaki and Durucan (2018) and Sørensen et al. (2020).
The present contribution gives a summary of the exploration
of kinorhynchs along the Turkish coast (Figure 1) and
provides data from eight newly sampled localities along the
Turkish west and south coasts.
2. Materials and methods
2.1. Sampling and processing
Samples were collected by FD in the period from 2017
through 2020, either by SCUBA, snorkelling or by hand at
shallow depths (see dates and localities in Table 1). Meiofauna
was extracted by stirring the sediment in seawater, and
subsequently decanting it through a fine mesh. The extracted
meiofauna was sorted under a Nikon SMZ stereo microscope,
and kinorhynchs were picked up and fixed in 4% formalin.
Specimens for light microscopical studies (LM) were
dehydrated through a graded series of glycerine, and
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Figure 1. Map showing all kinorhynch reports from Turkey, including species reported in the present
contribution (species names appear with flags marking the sampling localities) and previously reported species
(superscript number after species names refers to bibliographic references: 1) Ürkmez et al., 2016; 2) Sönmez et
al., 2016; 3) Yıldız et al., 2016; 4) Yamasaki et al., 2018; 5) Yamasaki and Durucan, 2018; 6) Sørensen et al., 2020).
Inset: Shahmaran, the Anatolian serpent queen; source: Wikimedia.

mounted in Fluoromount G between two cover slips
attached to a plastic H-S slide (EMS coverslip holder
#72268). The mounted specimens were observed and
photographed with an Olympus BX51 light microscope
with differential interference contrast and an Olympus
DP27 camera. Specimens for scanning electron microscopy
(SEM) were dehydrated through a series of alcohol and
then acetone, critical point dried, mounted on aluminium
stubs, sputter coated with a platinum/palladium mix and
examined with a JEOL JSM-6335F Field Emission scanning
electron microscope. All measurements were made with
cellSens software from specimens mounted for LM. All
photos were edited with Adobe Photoshop CS6, and figure
plates and line art illustrations were prepared with Adobe
Illustrator CS6. Echinoderid species were identified with
the virtual identification key of Yamasaki et al. (2020).
2.2. Additional specimens for taxonomical and
morphological comparison
Taxonomical and morphological comparison with the
new species described in the present contribution were
based on specimens or images of specimens originating
from collections of different natural history museums
inclusive Museum für Naturkunde, Berlin (catalogue

numbers including ZMB-), Natural History Museum of
Denmark (catalogue numbers including NHMD- or ZMUC
KIN-), and the US National Museum of Natural History,
Smithsonian Institution (catalogue numbers including
USNM-), as well as personal reference collections of the
authors.
The new species was compared with holotype and
paratypes of E. intermedius (ZMUC KIN-158 to KIN-166)
as well as topotype specimens collected by Pardos et al.
(2016a) and stored in the personal SEM collection of coauthor MH. The new species was also compared with the
holotype and paratypes of E. reicherti Neves et al., 2016
(NHMD-100282 to 100300) and Echinoderes rociae Pardos
et al., 2016a (NHMD-100319 to 100322). Furthermore,
images of the holotypes of E. abbreviatus Higgins, 1983
(USNM-69963) and Echinoderes brevipes Cepeda et al.,
2019 (USNM-1490960) were used.
As part of the morphological comparison with the
new species, all available sources were examined in an
attempt to identify echinoderid species with paraventral
hairs on the sternal plates. Paraventral hairs, of varying
development and thickness, were observed in sixteen
species and are documented in the present contribution.
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Table 1. Summary of data on stations, species identities, and catalogue numbers. NHMD-numbers are catalogue numbers for specimens stored in the Natural History Museum of
Denmark. Unmounted specimens, and specimens mounted for SEM are stored in the personal reference collection of the first author.
Station Date

Locality

Position

St. 1

Jun. 17, 2020

Hamitbey,
Antalya

St. 2

Jun. 18, 2020

Erenkuş,
Antalya

Depth

Species

Mounting

Specimens, types and catalogue numbers

36.87556°N
7m
30.70722°E

Fine sand

E. gerardi

LM
SEM

1♀, 1♂, 2 juv. NHMD-864444-864447
7♀♀, 3♂♂, 1 juv.

36.86520°N
7m
30.72379°E

Fine sand

E. gerardi

Unmounted

Ca. 10 specimens

Ca. vanhoeffeni LM
SEM
Fine sand with Neptune
E. gerardi
LM
grass (P. oceanica)
SEM
E. riedli
LM

Sep. 30, 2019

Ayvalık,
Balıkesir

39.34206°N
5m
26.71007°E

St. 5

Jul. 3, 2018

Kundu,
Antalya

36.85036°N
2-3 m
30.84768°E

Fine sand

St. 6

Jul. 30, 2018

Hamitbey,
Antalya

36.87556°N
5-7 m
30.70722°E

Fine sand

St. 7

Jan. 13, 2017

Yakamoz,
Antalya

St. 8

Jul. 3, 2018

Kundu,
Antalya

St. 3/4

St. 9

Sep. 13, 2019

Fethiye,
Muğla

3♀♀, 5♂♂, 1 juv., NHMD-872947-872955
5♀♀, 5♂♂
1♂, NHMD-872861
1♂
1♀, NHMD-872891

LM
SEM
LM
Unmounted

6♂♂, 1 juv., NHMD-872940-872946
2♀♀, 5♂♂, 1 juv.
1♂, 1. juv., NHMD-872862-872863
+20 specimens

E. gerardi

LM

1 juv., NHMD-872864

36.84556°N
0.5 m
30.79917°E

Coralline red alga
E. gerardi
(Corallina sp.) covering

LM

1♀, 1 juv., NHMD-872865-872866

36.85036°N
0.6 m
30.84768°E

Medium coarse sand

Ce. flosculosa
E. gerardi

SEM
SEM

2♀♀, 4♂♂, 5 juv.
4♀♀, 2♂♂

Medium coarse sand

SEM
E. gerardi
LM
E. sp.
LM
E. shahmaranae
nov. sp.
SEM

36.60251°N
8m
29.03095°E

Ce. flosculosa
E. gerardi

1♀
1♂, NHMD-872893
♂ Holotype, NHMD-872854; 3♂♂, 1♀ paratypes,
NHMD-872855-872858
1♀, 4♂♂
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Sources for these specimens and images include:
Echinoderes antalyaensis Yamasaki & Durucan, 2018
– paratype ZMB-11674, LM image provided by Dr H.
Yamasaki; E. astridae Sørensen, 2014 – paratype ZMUC
KIN-693; E. belenae Pardos et al., 2016b – nontype, MH
personal SEM collection; E. bispinosus Higgins, 1982 –
holotype USNM-71739; E. cantabricus Pardos et al., 1998
– nontype, MH personal SEM collection; E. charlotteae
Sørensen et al., 2016 – nontype, SEM image provided
by Dr S.C. Landers; E. hispanicus Pardos et al., 1998 –
nontype, MH personal LM collection; E. horni Higgins,
1983 – holotype USNM- 69966; E. intermedius – nontype,
MH personal SEM collection; E. parahorni Cepeda et al.,
2016 – nontype, MH personal SEM collection; E. peterseni
Higgins & Kristensen, 1988 – nontype, MVS personal
SEM collection; E. reicherti – paratype ZMUC KIN-954;
E. uozumii Yamasaki et al., 2020 – nontype, SEM image
provided by Dr H. Yamasaki; Meristoderes boylei Herranz
& Pardos, 2013 – nontype, MH personal SEM collection;
M. galatheae Herranz et al., 2012 – nontype, MVS personal
SEM collection; M. macracanthus Herranz et al., 2012 –
nontype, MH personal SEM collection.
Specimens of Cephalorhyncha flosculosa were
compared with the holotype and paratypes of the species
(ZMUC KIN-1006 to KIN-1008), as well as with topotype
specimens mounted for SEM, and stored on the first
author’s reference collection.
3. Results
3.1. Description of Echinoderes shahmaranae sp. nov.
Class Cyclorhagida (Zelinka, 1896) Sørensen et al.,
2015
Order Echinorhagata Sørensen et al., 2015
Family Echinoderidae Carus, 1885
Genus Echinoderes Claparède, 1863
Echinoderes shahmaranae sp. nov.
Figures 2A–2D, 3, 4A–4I, 5A–5M, Tables 2–3
urn:lsid:zoobank.org:act:C423CEF8-D5B2-4B5E99B3-510FD89F7F14
Synonymy: Echinoderes sp. 3 – Herranz 2009: pp.
37-42, Figures 13–14, Tables 10–11. Echinoderes sp. 3 –
Herranz 2014: p. 25, Table 2.1.
Diagnosis: Echinoderes with long middorsal spines on
segments 4, 6, and 8, with middorsal spine on segment
8 reaching at least the terminal segment; lateroventral
spines present on segments 6 to 9. Tubes present in
subdorsal and ventrolateral positions on segment 2,
lateroventral positions on segment 5, lateral accessory
positions on segment 8, and in laterodorsal positions on
10; laterodorsal tubes show sexual dimorphism. Very
well-developed sublateral glandular cell outlets type 2
present on segment 2. Dorsal glandular cell outlets type
1 with following pattern on segments 1 to 9: middorsal

on segments 1 to 3, 5 and 7, and paradorsal on segments
4, 6 and 8 to 9. Conspicuous strong bristles present in
paraventral positions on segment 3 to 6. Tergal extensions
form elongate triangular tips, with a minute tooth on each
inferior margin. Females with lateral terminal accessory
spines, and very minute laterodorsal tubes on segment 10.
Males with well-developed laterodorsal tubes on segment
10; dorsal and ventral penile spines slender and tubular,
while median penile spines are very stout and triangular.
Etymology: The species is named after the
mythological creature Shahmaran (in Turkish Şahmeran)
- ‘queen of serpents’ and half woman half serpent, known
from Anatolian folklore (Figure 1, inset).
Material examined: Holotypic male, collected on
Station 9 during SCUBA by F. Durucan on Sept. 13, 2019
from medium coarse sand at 8 m depth, near Fethiye,
Muğla, Turkey (36.60251°N, 29.03095°E), (Table 1, Figure
1); mounted in Fluoromount G between two cover slips
attached to a plastic H-S slide, and deposited at the Natural
History Museum of Demark under catalogue number
NHMD-872854. Paratypes, three males and one female,
same collection and mounting data as holotype, deposited
under catalogue numbers NHMD-872855 to 872858.
Additional material includes four males and one female
with same collection and mounting data as holotype,
mounted for SEM and stored in the first author’s personal
reference collection. In addition, two males and one
female, were collected with a Higgins meiobenthic dredge
by F. Pardos on March 24, 1999 from fine sand at 30 m
depth, near Blanes, Spain (41.657°N, 02.7995°E); mounted
in Fluoromount G on glass slides, and deposited in the
personal reference collection of F. Pardos. These three
specimens are referred to as Echinoderes sp. 3 in the theses
of Herranz (2009, 2014).
Description: Long and slender adults with head, neck
and eleven trunk segments (Figures 2A–2B, 3, 4A, 5A–5B).
Single row of secondary pectinate fringe with pointed
teeth present near anterior segment margin of segments
2 to 10. Sexual dimorphism restricted to segments 10 and
11 (Figure 2C–2D). For complete overview of measures
and dimensions, see Table 2. Distribution of cuticular
structures, i.e. sensory spots, glandular cell outlets, spines
and tubes, is summarized in Table 3.
The head consists of a retractable mouth cone and an
introvert (Figure 3). Inner oral styles of mouth cone could
not be examined. The external mouth cone armature
consists of nine outer oral styles; bases of outer oral styles
each flanked with a pair of short spikes; two central,
distally bifurcated bristles are present more posteriorly
(Figure 5C). A short transverse fringe is present at the
base of the bifurcated bristles. The introvert sectors are
defined by the ten primary spinoscalids in Ring 01 (Figure
3). Each primary spinoscalid consists of a basal sheath
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Figure 2. Line art illustrations of Echinoderes shahmaranae sp. nov. (A) Female, dorsal view. (B) Female, ventral view. (C) Segments
10 to 11 in male, dorsal view. (D) Segments 10 to 11 in male, ventral view. Abbreviations: lat, lateral accessory tube; ldt, laterodorsal
tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine; lvs, lateroventral spine; lvt, lateroventral tube; mdgco1, middorsal
glandular cell outlet type 1; mds, middorsal spine; mlss, midlateral sensory spot; pdgco1, paradorsal glandular cell outlet type 1; pe,
penile spines; pvb, paraventral bristles; sdss, subdorsal sensory spot; sdt, subdorsal tube; slgco1/2, sublateral glandular cell outlet type
1/2; slss, sublateral sensory spot; vlss, ventrolateral sensory spot; vlt, ventrolateral tube; vmss, ventromedial sensory spot.
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Figure 3. Diagram of mouth cone (grey area), introvert and placids in Echinoderes
shahmaranae sp. nov., showing distribution of inner oral styles (full circles), outer
oral styles (diamonds), primary scalids (triangles), spinoscalids (fat open circles), and
trichoscalids (stars), with positions of trichoscalid plates and placids indicated. Table
shows the scalid arrangement by sector; single-lined boxes mark quincunxes, doublelined boxes mark “double diamonds”.

and a distal end piece with a blunt tip (Figure 5D). The
sheaths have, described from proximal towards distal
parts: seven to nine transverse rows with extremely minute
fringes; four long (two lateral and two central) fringe tips
extending from the most distal transverse row; five similar
(two lateral and three central), but slightly more distal
long fringe tips; numerous long fringe tips marking the
distal margin of the sheath. End pieces are flexible, and
smooth except for very fine denticle-like hairs. Rings 02
and 04 have 10 spinoscalids and Rings 03 and 05 have 20

(Figures 3 and 5D). All spinoscalids in these rings are welldeveloped, and consist of a basal sheath and a pointed end
piece. The basal sheaths of Ring 02 spinoscalids have long
fringes along their distal margins, whereas those of Ring
03 have shorter margin fringe tips, and a central spike-like
tip on the proximal part of the sheath. The basal sheaths of
Ring 04 spinoscalids have short marginal fringe tips, and
proximally paired hand-like structures, resembling a wrist
with 5-6 finger-like fringes. Basal sheaths of Ring 05 are
short and have very short marginal fringes. Ring 06 has
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Figure 4. Light micrographs showing overviews and details of (A–H) male holotype, NHMD-872854, and (I) female paratype, NHMD872856, of Echinoderes shahmaranae sp. nov. from Fethiye, Turkey. (A) Ventral overview. (B) Segments 1 to 3, dorsal view. (C) Segments
1 to 3, ventral view. (D) Segments 4 to 8, dorsal view. (E) Segment 5, ventral view. (F) Segments 6 to 8, ventral view. (G) Segments 8
to 10, dorsal view. (H) Detail of segments 10 to 11, dorsal view, showing male sexual dimorphism. (I) Segments 10 to 11, ventral view,
showing female sexual dimorphism. Abbreviations: lat, lateral accessory tube; ldt, laterodorsal tube; ltas, lateral terminal accessory
spine; lts, lateral terminal spine; lvs, lateroventral spine; lvt, lateroventral tube; mds, middorsal spine; pdgco1, paradorsal glandular cell
outlet type 1; pe, penile spine; pvb, paraventral bristles; sdtu, subdorsal tubes; slgco2, sublateral glandular cell outlet type 2; te, tergal
extensions; vlt, ventrolateral tubes.
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Figure 5. Scanning electron micrographs showing overviews and details of Echinoderes shahmaranae sp. nov. (A) Lateral overview. (B) Ventral overview.
(C) Mouth cone, ventral view. (D) Introvert section 5 (subdorsal); insert shows close-up of fringes on basal sheath of primary spinoscalids. (E) Segments
1 to 2, lateral view. (F) Segment 2, dorsal view. (G) Segments 1 to 2, ventral view. (H) Segments 4 to 5, dorsal view. (I) Segments 5 to 6, lateral view. (J)
Segments 5 to 6, ventral view. (K) Segments 10 to 11, laterodorsal view, showing female sexual dimorphism. (L) Segment 8, lateral view. (M) Segments
10 to 11, laterodorsal view, showing male sexual dimorphism. Abbreviations: lat, lateral accessory tube; ldss, laterodorsal sensory spot; ldt, laterodorsal
tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine; lvs, lateroventral spine; lvt, lateroventral tube; mdgco1, middorsal glandular cell
outlet type 1; mds, middorsal spine; mdss, middorsal sensory spot; mlss, midlateral sensory spot; oos, outer oral styles; pdgco1, paradorsal glandular
cell outlet type 1; pdss, paradorsal sensory spot; pe, penile spines; pvb, paraventral bristles; psp, primary spinoscalid; sdss, subdorsal sensory spot; sdt,
subdorsal tube; slgco2, sublateral glandular cell outlet type 2; sp, spinoscalid followed by introvert ring number; te, tergal extension; tr, trichoscalid; vlt,
ventrolateral tube; vmss, ventromedial sensory spot.
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Table 2. Measurements from light microscopy for specimens of Echinoderes shahmaranae sp. nov. from its type locality at Fethiye in
Turkey, and from Blanes at the Mediterranean coast of Spain (in µm), including number of measured specimens (n) and standard
deviation (SD). Abbreviations: (ac): acicular spine; LA: lateral accessory; LTAS: lateral terminal accessory spine; LTS: lateral
terminal spine; MD, middorsal; MSW-6: maximum sternal width, measured on segment 6 in this species; S: segment lengths; SD:
subdorsal; SW-10, standard width, always measured on segment 10; TL: trunk length; (tu): tube; VL: ventrolateral.
Character +

Fethiye, Muğla, Turkey – type locality

Blanes, Spain – additional locality

segment

Range

Mean

SD

n

Range

Mean

SD

n

Muğla + Blanes

TL

288-318

302

11.50

5

256-301

281

22.73

3

256-318

MSW-6

51-56

54

1.82

5

53-55

54

1.27

3

51-56

MSW-6/TL

17.0-18.8%

17.8%

0.74%

5

17.9-20.6%

19.3%

1.33%

3

17.0-20.6%

SW-10

42-45

44

1.22

5

45-47

46

1.18

3

42-47

SW-10/TL

14.1-15.6%

14.6%

0.64%

5

15.0-18.5%

16.6%

1.78%

3

14.1-18.5%

S1

31-34

32

1.14

5

33-37

35

1.66

3

31-37

S2

30-33

31

1.30

5

30-34

31

1.99

3

30-34

S3

28-31

29

1.64

5

29-30

29

0.64

3

28-31

S4

29-32

31

1.34

5

28-35

31

3.70

3

28-35

S5

31-34

33

1.52

5

31-34

32

1.54

3

31-34

S6

33-37

35

1.52

5

34-36

34

1.24

3

33-37

S7

36-40

38

1.79

5

35-37

36

1.17

3

35-40

S8

40-43

41

1.10

5

34-42

38

4.00

3

34-43

S9

41-43

42

0.84

5

37-43

39

3.49

3

37-43

S10

40-47

43

3.11

5

44-45

45

0.40

3

40-47

S11

31-35

32

1.52

5

35-39

37

1.89

3

31-39

MD4 (ac)

70-79

74

3.86

4

94-95

95

0.67

3

70-95

MD6 (ac)

81-94

87

6.66

3

97-114

104

8.86

3

81-114

MD8 (ac)

81-107

96

10.67

5

122-126

125

1.79

3

81-126

SD2 (tu)

16

16

0.00

2

22

N/A

N/A

1

16-22

VL2 (tu)

14-16

15

1.41

2

20-23

22

1.96

3

14-23

LV5 (tu)

16-18

17

0.84

5

18-22

20

2.69

2

16-22

LV6 (ac)

28-31

29

1.41

5

31-37

34

3.05

3

28-37

LV7 (ac)

30-31

31

0.84

5

35-41

38

2.76

3

30-41

LV8 (ac)

30-36

33

2.30

5

39-43

41

2.01

3

30-43

LA8 (tu)

16-22

19

2.65

4

16-26

21

7.16

2

16-26

LV9 (ac)

29-35

32

2.17

5

37-39

38

0.89

3

29-39

LTS

184-237

215

21.62

5

240-249

246

5.18

3

184-249

LTS/TL

62.0-80.2%

71.2%

6.84%

5

79.6-97.1%

87.9%

8.80%

3

62.0-97.1%

LTAS

35-37

36

1.41

2

44

N/A

N/A

1

35-44

only six spinoscalids, located in sectors 1, 3, 5, 6, 7, and
9; they resemble those in preceding sectors, but without
the distinct differentiation into sheath and end piece.
Ring 07 has 7 spinoscalids, located as pairs in sectors 3
and 9, unpaired but laterally displaced in sectors 5 and 7
(trichoscalids are taking up the space in the opposite side
of each sector), and centrally unpaired in sector 1; ring
07 spinoscalids appear very simplified, and resemble thin
fringes rather than actual scalids.
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Range

Described sector-wise (Figure 3), sectors 1 and 6 are
very similar, having spinoscalids arranged as two double
diamonds; however, sector 1 has one additional central
spinoscalid in Ring 07, whereas sector 6 has spinoscalids
in Rings 02 to 06 only. Sectors 2, 4, 8 and 10 all have
spinoscalids arranged as a quincunx, located in between
an anterior spinoscalid in Ring 02 and a trichoscalid
plate. Sectors 3 and 9 have spinoscalids forming double
diamonds anterior to a pair of spinoscalids. Sectors 5 and
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Table 3. Summary of nature and location of sensory spots, glandular cell outlets, tubes and spines arranged by series in Echinoderes
shahmaranae sp. nov. Abbreviations: LA: lateral accessory; LD: laterodorsal; LV: lateroventral; MD: middorsal; ML: midlateral; PD:
paradorsal; PV: paraventral; SD: subdorsal; SL: sublateral; VL: ventrolateral; VM: ventromedial; ac, acicular spine; br, bristles; gco1/2,
glandular cell outlet type 1/2; ltas, lateral terminal accessory spine; lts, lateral terminal spine; pe, penile spines; ss, sensory spot; tu, tube;
(♀), female condition of sexually dimorphic character; (♂), male condition of sexually dimorphic character.
Position
Segment

MD

1

SD

LD

gco1

ss

ss

gco1

2

gco1,ss

tu

ss

gco2

3

gco1

ss

4

ac

5

gco1

6

ac

7

gco1

8

ac

9
10
11

PD

ML

SL

LA

LV

VL

tu

ss
ss
ss

ss

gco1,ss
gco1,gco1

tu
ss
ss

ss

br

gco1

br

tu

ss,gco1

br

ac

ss,gco1

br

ac

ss,gco1

ac

gco1

ac
tu
3xpe(♂)

7 also have spinoscalids forming double diamonds, but
anterior to an unpaired, lateral spinoscalid; the lateral
spinoscalid is unpaired because a trichoscalid plate takes
up the space in the opposite side of the sector. Regular
trichoscalids with trichoscalid plates are present in sectors
2, 4, 5, 7, 8, and 10.
The neck has 16 placids, measuring 12 µm in length.
The midventral placid is broadest, measuring 10 µm in
width at its base, whereas all other are narrower, measuring
7 µm in width at their bases. The trichoscalid plates are
well-developed, subdorsal and laterodorsal ones narrow
and elongated, and ventromedial ones hat-shaped.
Segment 1 consists of a complete cuticular ring
(Figures 2A–2B, 4B–4C, 5E–5G). Sensory spots are
located in subdorsal, laterodorsal and ventromedial
positions; subdorsal ones are located on the anterior 1/3
of the segment, but not at the anterior margin; laterodorsal
and ventromedial ones are located centrally on segment;
sensory spots on this and following nine segments are
very small and rounded, and sometimes flanked by at
least one, but typically two long cuticular hairs. Glandular
cell outlets type 1 present in middorsal and sublateral
positions. Dorsal and lateral sides with a few cuticular
hairs emerging through rounded perforation sites; ventral
side nearly hairless. The posterior segment margin is
straight around the segment, terminating into a pectinate
fringe with very short, uniform fringe tips.
Segment 2 consists of a complete cuticular ring (Figures
2A–2B, 4B–4C, 5E–5G). Pachycyclus of the anterior
segment margin is of medium thickness and uninterrupted.
Tubes are located in subdorsal and ventrolateral positions.

ltas(♀)

ss,gco1
gco1

gco1

gco1,ss

PV

ss

ss

gco1,ss

VM

ss

gco1

ss

gco1

lts

Sensory spots are located in middorsal, laterodorsal and
ventromedial positions. Large glandular cell outlets type 2
present in sublateral positions. Glandular cell outlets type 1
present in middorsal and ventromedial positions. Bracteate
cuticular hairs are present on the dorsal and lateral sides
of the segment, and arranged in four more or less welldefined transverse rows; the hairs in the posteriormost
row are conspicuously longer than those in anterior ones;
ventral side with one transverse row of short hairs, and
disorganized patches with longer hairs in ventrolateral to
ventromedial positions. The posterior segment margin is
nearly straight; pectinate fringe with uniform tips, slightly
longer than those on preceding segment.
Segment 3 (Figures 2A–2B, 4B–4C), and remaining
segments, consisting of one tergal and two sternal plates.
Pachycyclus of the anterior segment margin of medium
thickness, and interrupted only at tergosternal junctions.
Sensory spots present in subdorsal and sublateral positions.
Glandular cell outlets type 1 present in middorsal and
ventromedial positions. Cuticular hairs as on preceding
segment, but in addition with a pair of paraventral patches
each with three long, thick and highly conspicuous bristlelike hairs (Figures 2B and 4C; but see also 4E and 5J).
Pectinate fringe of posterior margin hairs as on preceding
segment.
Segment 4 (Figures 2A–2B, 4D, 5H) with long acicular
spine in middorsal position, extending to or even beyond
the posterior margin of segment 6. Sensory spots not
present. Glandular cell outlets type 1 present in paradorsal
and ventromedial positions. Cuticular hair patterns,
inclusive paraventral patches with stiff bristle-like hairs, as
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on preceding segment. Pachycycli and pectinate fringe of
posterior margin as on preceding segment.
Segment 5 (Figures 2A–2B, 4D–4E, 5H–5J) with
tubes in lateroventral positions. Sensory spots present
in subdorsal and ventromedial positions. Glandular cell
outlets type 1 present in middorsal and ventromedial
positions. Pectinate fringe of posterior segment margin
slightly longer than those on preceding segment. Pachycycli
and cuticular hairs, inclusive paraventral patches with stiff
bristle-like hairs, as on preceding segment.
Segment 6 (Figures 2A–2B, 4D, 4F, 5I–5J) with
long acicular spine in middorsal position, extending
to or even beyond the posterior margin of segment 8;
additional acicular spines also present in lateroventral
positions. Sensory spots present in paradorsal, midlateral
and ventromedial positions. Glandular cell outlets type
1 present in paradorsal and ventromedial positions.
Pachycycli, pectinate fringe at posterior segment margin,
and cuticular hairs, inclusive paraventral patches with stiff
bristle-like hairs, as on preceding segment.
Segment 7 (Figures 2A–2B, 4D, 4F) with acicular
spines in lateroventral positions. Sensory spots present
in subdorsal, midlateral and ventromedial positions.
Glandular cell outlets type 1 present in middorsal and
ventromedial positions. Cuticular hair patterns as on
preceding segment, but without the paraventral patches
with stiff bristle-like hairs; midventral to paraventral areas
instead covered with minute bracteate hairs. Pachycycli
and pectinate fringe of posterior segment margin as on
preceding segment.
Segment 8 (Figures 2A–2B, 4F–4G, 5L) with long
acicular spine in middorsal position, extending to or
beyond the terminal segment; additional acicular spines
present in lateroventral positions, and tubes in lateral
accessory positions. Sensory spots present in paradorsal
positions. Glandular cell outlets type 1 present in
paradorsal and ventromedial positions. Pachycycli,
pectinate fringe of posterior segment margin and cuticular
hairs as on preceding segment.
Segment 9 (Figures 2A–2B, 4G, 5K) with acicular
spines in lateroventral positions. Sensory spots present
in paradorsal, subdorsal, and ventrolateral positions.
Glandular cell outlets type 1 present in paradorsal and
ventromedial positions. Nephridial sieve plates could not
be observed in any specimens. Pachycycli, pectinate fringe
of posterior segment margin and cuticular hairs as on
preceding segment.
Segment 10 (Figures 2, 4H–4I, 5K, 5M) with tubes
in laterodorsal position, inserting on posterior part of
segment, but not at the posterior segment margin; tubes
in females extremely short, only 2–3 µm (Figures 2A and
5K), not even reaching the posterior segment margin;
tubes in males about 11 µm and extending well beyond
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posterior segment margin (Figures 2C and 5M). Sensory
spots present in subdorsal and ventrolateral positions.
Glandular cell outlets type 1 present as two longitudinally
arranged middorsal ones and in ventromedial positions.
The posterior segment margin of the tergal plate is straight,
whereas margins of sternal plates are deeply concave;
fringe tips of pectinate fringe are shorter and thinner than
those on preceding segments. Cuticular hairs as middorsal
and ventromedial patches of short bracteate hairs, and
patches with longer hairs in midlateral to ventromedial
areas. Pachycycli as on preceding segment.
Segment 11 with lateral terminal spines (Figures 2,
4H–4I, 5K, 5M). Males with three pairs of penile spines;
dorsal and ventral penile spines are thin, flexible tubes, and
ventral one (ca. 27 µm in length) is considerably longer
than the dorsal one (ca. 17 µm in length), whereas the
median penile spine is short, but very stout and triangular,
and with distal longitudinal furrows; females with short,
thin lateral terminal accessory spines. Sensory spots
present in paradorsal positions. Segment basically without
hairs, except for inferior surfaces of tergal extension that
are densely covered with nonbracteate hair-like extensions.
Tergal extensions are well-spaced, triangular and pointed,
with small tooth at inferior margin; sternal extensions
shorter, and triangular to rounded.
Notes on diagnostic characters: Echinoderes
shahmaranae sp. nov. is very easily distinguished from
all known congeners, since the combined spine, tube and
glandular cell type 2 distribution is unique for this species.
The arrangement of cuticular structures on segment 2
is in itself an easy way to distinguish E. shahmaranae sp.
nov. from most other echinoderids. The presence of tubes
in subdorsal and ventrolateral positions, combined with
sublateral glandular cell outlets type 2 are only shared with
five other species. This combination is described from
Echinoderes rociae Pardos et al., 2016a and E. brevipes
Cepeda et al., 2019 (see Pardos et al., 2016a; Cepeda et
al., 2019), and reexaminations carried out during the
preparation for the virtual identification key of Yamasaki
et al. (2020) revealed the same character combination in E.
abbreviatus Higgins, 1983. However, these three Caribbean
species are characterised by having very short and stout
lateral terminal spines (Higgins, 1983; Pardos et al., 2016a;
Cepeda et al., 2019), and cannot possibly be confused with
E. shahmaranae sp. nov.
Another species with similar arrangement of cuticular
structures on segment 2 is the Portuguese E. reicherti
Neves et al., 2016, but with its single and relatively short
middorsal spine, located on segment 4 (Neves et al., 2016),
it cannot be confused with E. shahmaranae sp. nov. either.
The fifth species with a similar arrangement on segment
2 is the Caribbean species E. intermedius Sørensen, 2006.
The species was originally described as having three pairs
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of tubes on segment 2 (Sørensen, 2006), but Pardos et al.
(2016a) redescribed it and clarified that cuticular structures
on segment 2 included subdorsal and ventrolateral
tubes, and sublateral glandular cell outlets type 2 – same
arrangement as in the new species. E. intermedius is
therefore the species that shows closest resemblance with
the new species, but it differs by having lateral accessory
tubes on segments 6 and 7, as well as laterodorsal tubes on
segment 8.
Another diagnostic character of interest is the strong
bristle-like hairs in paraventral positions. In the new
species, these bristle-like hairs always appear in groups of
three on each sternal plate, from segments 3 to 6. The hairs
are very conspicuous in both LM and SEM (Figures 4E–4F,
5J), and especially SEM demonstrates that the bristle-like
hairs are more than twice as thick as any other bracteate
cuticular hair in the animal. This presence of paraventral
hairs is a character that has obtained very limited attention
in previous echinoderid descriptions. Interestingly
though, such bristle-like hairs also seem to be present to
the two last mentioned species above, E. reicherti and E.
intermedius. This character trait, its occurrence among
echinoderids, and potential phylogenetic implications will
be addressed further in the Discussion below.
3.2. New records of Echinoderes gerardi Higgins, 1978
Material examined: The species was abundant, and it
appeared at all stations in this study (see Table 1 for station
data). All specimens mounted for LM are deposited at
NHMD (see Table 1 for catalogue numbers), and all SEM
specimens are stored in the reference collection of the first
author.
Notes on morphology, habitat and distribution:
The examined specimens followed the emended species
diagnosis proposed by Sørensen et al. (2020). This study
demonstrated that E. gerardi and E. dujardinii Claparède,
1863 show very close resemblance, and mostly can be
distinguished by the shorter, and somehow lanceolate,
middorsal spines in E. gerardi. The results of Sørensen et
al. (2020) also indicated that E. gerardi seemed to have a
Mediterranean distribution, whereas E. dujardinii is East
Atlantic/West European. The specimens examined in the
present study agree with this, both in terms of morphology
and distribution. Sørensen et al. (2020) furthermore
suggested that E. gerardi and other species of the E.
dujardinii group seem to be very opportunistic in terms
of habitat/substrate choice. This is also supported by the
present study, where specimens of E. gerardi were found in
a range of substrates, from fine- to medium coarse sand, as
well as Neptune grass and coralline red algae.
Echinoderes gerardi appears to be a very common
species throughout the Mediterranean, and besides its
type locality in Tunisia (Higgins, 1978), it has been found
in Spain (identified as E. dujardinii (Sánchez-Tocino

et al., 2011, Sánchez et al., 2012) but see Sørensen et al.
(2020)), Sicily (Dal Zotto and Todaro, 2016), and at several
localities around Turkey, inclusive the coast of Antalya
(Sørensen et al., 2020), the Aegean coast (Sönmez et al.,
2016, Sørensen et al. 2020) and Black Sea coast (identified
as E. dujardinii (Ürkmez et al., 2016) but see Sørensen et
al. (2020)). The present study stresses that E. gerardi seems
to be one of the most common kinorhynch species around
Turkey, and we can probably expect to find it throughout
the Turkish coastline. The species’ morphology is already
well-documented (see Sørensen et al., 2020), thus we find
it redundant to provide further photo documentation in
the present contribution.
3.3. New records of Echinoderes riedli Higgins, 1966
Figures 6A–6E
Material examined: A single female specimen
collected from St. 3/4 (see Table 1 for station data). The
specimen was mounted for LM, and deposited at NHMD
under catalogue number NHMD-872891.
Notes on morphology, habitat and distribution: The
species was originally described from Al-Ghardaqa, Egypt,
in the Red Sea (Higgins, 1966), and was later found and
redescribed (with emphasis on information from juvenile
stages) from Carthage, Tunisia, in the Mediterranean
(Higgins, 1978). The current record is the first reporting of
the species since Higgins (1978).
The single specimen collected from Balıkesir, Ayvalık
(St. 3/4) in the present study followed Higgins’ (1966,
1978) descriptions of E. riedli so closely that we believe
this is the same species. The spine and tube patterns fit
Higgins’ description, and even though all spines tend to
be slightly longer in the Turkish specimen, the overall
trunk dimensions, trunk appearance and shape of tergal
extensions followed descriptions (Figure 6F). The examined
specimen also suggests that E. riedli does not possess any
previously overlooked tubes or glandular cell outlets type
2. The only noteworthy difference between the examined
specimen and the redescription provided by Higgins
(1978) regards the distribution of sensory spots/glandular
cell outlets type 1. As in other early Higgins contributions,
these cuticular structures tend to get confused with each
other, and what Higgins (1978) reports as sensory spots
are actually glandular cell outlets type 1. This is confirmed
by the specimen from Balıkesir, which has a distribution of
glandular cell outlets type 1 that perfectly (except for one
deviation on segment 9) fits the described sensory spot
pattern in E. riedli (Higgins, 1978). This suggests that E.
riedli has following dorsal pattern of glandular cell outlets
type 1: Middorsal outlets on segments 1 to 3, paradorsal
outlets on segments 4 to 9 (NB: Higgins (1978) reports
the outlet/sensory spot on segment 9 as middorsal), and
middorsal outlets on segments 10 and 11 (Figures 6B
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Figure 6. Light micrographs showing overviews and details of female Echinoderes riedli, NHMD-872891, from Balıkesir, Ayvalık,
Turkey. (A) Ventral overview. (B) Segments 1 to 6, dorsal view. (C) Segments 1 to 6, ventral view. (D) Segments 6 to 9, dorsal view. (E)
Segments 5 to 9, ventral view. (F) Segments 10 to 11, focusing on tergal extensions. Abbreviations: ltas, lateral terminal accessory spine;
lvs, lateroventral spine; lvt, lateroventral tube; mdgco1, middorsal glandular cell outlet type 1; mds, middorsal spine; pdgco1, paradorsal
glandular cell outlet; te, tergal extensions; vlt, ventrolateral tubes.

and 6D). This adds E. riedli to the group of echinoderids
with the ‘MD1-3, PD4-9 gco1 pattern’ (see Table 21 in
Sørensen et al., 2020). Since E. riedli never previously
was documented photographically, we are providing an
LM plate (Figures 6A–6E) showing cuticular details and
diagnostic characters for the species.
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3.4. Echinoderes sp.
Figures 7A–7E, 7G–7I
Material examined: A single male specimen collected
from St. 9 (see Table 1 for station data). The specimen
was mounted for LM, and deposited at NHMD under
catalogue number NHMD-872893.
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Notes on morphology: The single specimen was
examined. Debris and the general condition of the
specimen made it nearly impossible to observe sensory
spots and glandular cell outlets type 1, but spines, tubes
and glandular cell outlets type 2 were easily observed (see
Table 4 for a summary).
The trunk (trunk length = 242 µm) is relatively
slender, and narrows abruptly from segment 9 (MSW-7
= 50 µm; SW-10 = 40 µm) (Figure 7A). Acicular spines
are present in middorsal position on segment 4 (MDS4 =
14 µm) (Figures 7B and 7D), in lateroventral positions on
segments 6 to 9 (LV6-7 = 13 µm; LV8-9 = 15 µm) (Figures
7C and 7E), and as lateral terminal spines (LTS = 137 µm).
Tubes are present in ventrolateral positions on segment
2 (could not be measured), in lateroventral positions on
segment 5, and in sublateral positions on segment 8 (SLT
= 14 µm) (Figures 7C and 7E). Large glandular cell outlets
type 2 are present in subdorsal and sublateral positions on
segment 2 (Figures 7B and 7C). Tergal extensions are long
and slender, with a small tooth on the inferior margins,
and long pointed tips (Figure 7H). Dorsal and ventral pair
of penile spines appear truncate and rather rigid (Figures
7H–7I).
The presence of a middorsal spine on segment 4 only
makes Echinoderes sp. resemble another Turkish species, E.
antalyaensis, but the two species differ at other important
points. Most importantly, Echinoderes sp. has lateroventral
spines on segments 6 to 9, whereas E. antalyaensis has
such spines on segments 6 to 8 only. Furthermore, in E.
antalyaensis tubes on segment 2 are lateroventral rather
than ventrolateral, and on segment 8 they are lateral
accessory rather than sublateral (Yamasaki and Durucan,
2018). An additional conspicuous difference between the
two species is the large glandular cell outlets type 2, which
are present in Echinoderes sp. but lacking in E. antalyaensis.
These outlets are so distinct that they could not have
been overlooked in E. antalyaensis, and this is also welldocumented in the description of the species (Yamasaki
and Durucan, 2018). Therefore, we do not consider
Echinoderes sp. and E. antalyaensis to be conspecific.
Another, even closer species is E. charlotteae Sørensen,
Herranz & Landers, 2016. The species was described from
subtidal mud in the northern part of the Gulf of Mexico
(Sørensen et al., 2016). The spine and tube patterns in the
two species are very similar, but with the same differences
as described between Echinoderes sp. and E. antalyaensis.
Furthermore, E. charlotteae has small laterodorsal tubes
on segment 10, but such tubes are often difficult to observe
in LM, and without SEM documentation we cannot for
sure confirm their presence or absence in Echinoderes sp.
Besides the similar spine/tube patterns, Echinoderes sp.
and E. charlotteae share the presence of large glandular
cell outlets type 2 in subdorsal and sublateral positions on
segment 2. Trunk and spine lengths in Echinoderes sp. are

furthermore within the ranges of E. charlotteae, and the
conspicuous shape of the tergal extensions is very similar.
The numerous similarities between Echinoderes sp.
and E. charlotteae obviously leaves us with the question
whether they should be considered conspecific. For
many years species of Echinoderes were all considered to
show rather regional and limited distribution patterns,
but recent studies have indicated that at least deep-sea
species could have much wider, even cross-oceanic,
distributions (Sørensen et al., 2018, Yamasaki et al., 2018b,
Cepeda et al., 2020, Grzelak et al. 2021). However, we
still find conspecifity of Echinoderes sp. and E. charlotteae
rather doubtful. First of all, we note the small differences
in tube positions, i.e. ventrolateral tubes on segment
2 and sublateral tubes (Figure 7E) on segment 8 in
Echinoderes sp. versus lateroventral tubes on segment 2
and lateral accessory tubes (Figure 7F) on segment 8 in
E. charlotteae. Furthermore, we also note that Echinoderes
sp. was collected from medium coarse sand at 8 m depth,
whereas E. charlotteae was described from mud at 74 to
163 m. Kinorhynch species might be adapted to different
habitats and depths, but we still consider this considerable
difference in habitat to speak against conspecifity. Thus,
given the limited information available, we would prefer to
suggest that Echinoderes sp. represents a new species that
shows close resemblance to E. charlotteae.
3.5. New records of Campyloderes vanhoeffeni Zelinka,
1913
Material examined: The species was quite abundant at
St. 3/4 (see Table 1 for station data). Three females, five
males and one juvenile were mounted for LM, and five
females and five males for SEM. All specimens mounted
for LM are deposited at NHMD under catalogue numbers
NHMD-872944 to 872955, and all SEM specimens are
stored in the reference collection of the first author.
Notes on taxonomy and distribution: Campyloderes
is a small genus with only two described species, C.
vanhoeffeni Zelinka, 1913 and C. macquariae Johnston,
1938. Following strict alpha taxonomic thinking they
should for now be considered as two distinct species, but
practically they can be considered as synonymous, with
C. macquariae as a junior synonym of C. vanhoeffeni. A
comparison of the two species descriptions reveals that
there are no significant morphological differences between
the two species (Zelinka, 1913, Johnston, 1938), and a
formal synonymization of the two species only requires a
reexamination of specimens from the two, rather remote,
Subantarctic type localities. Since the morphology of
the collected specimens fit both descriptions, as well as
the much more recent morphological notes on C. cf.
vanhoeffeni provided by Neuhaus (2004) and Neuhaus
and Sørensen (2013), we will, in the following, refer to our
specimens as C. vanhoeffeni.

539

SØRENSEN et al. / Turk J Zool

Figure 7. Light micrographs showing overviews and details of (A–E, G–I) male Echinoderes sp. from Muğla, NHMD-872893, and (F)
male paratype of Echinoderes charlotteae, ZMUC KIN-870, from the Gulf of Mexico. (A) Ventral overview. (B) Segments 1 to 5, dorsal
view. (C) Segments 1 to 5, ventral view. (D) Segments 4 to 8, dorsal view. (E–F) Segment 8, ventral view, comparison of tube positions in
(E) Echinoderes sp. and (F) E. charlotteae. (G) Segments 8 to 10, dorsal view. (H) Segments 10 to 11, dorsal view. (I) Segments 10 to 11,
ventral view. Abbreviations: lat, lateral accessory tube; lts, lateral terminal spine; lvs, lateroventral spine; lvt, lateroventral tube; mdgco1,
middorsal glandular cell outlet type 1; mds, middorsal spine; pdgco1, paradorsal glandular cell outlet type 1; pdss, paradorsal sensory
spot; pe, penile spine; sdgco2, subdorsal glandular cell outlet type 2; slgco2, sublateral glandular cell outlet type 2; slt, sublateral tube; te,
tergal extensions; vlt, ventrolateral tubes.
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Table 4. Summary of nature and location of sensory spots (only partially mapped), glandular cell outlets
(type 1 only partially mapped), tubes and spines arranged by series in Echinoderes sp. Abbreviations:
LV: lateroventral; MD: middorsal; ML: midlateral; PD: paradorsal; SD: subdorsal; SL: sublateral; VL:
ventrolateral; ac, acicular spine; gco1/2, glandular cell outlet type 1/2; lts, lateral terminal spine; pe,
penile spines; ss, sensory spot; tu, tube; (♂), male condition of sexually dimorphic character.
Position
Segment

MD

PD

SD

ML

SL

LV

VL

1
2

gco2

gco2

tu

3
4

ac

5

tu

6

ac

7

ac

8

tu

9
10

gco1,ss

ac
ac

gco1,gco1

11

The species, or species complex, C. vanhoeffeni has
been subject for intense studies by Neuhaus (2004), and
Neuhaus and Sørensen (2013), who compared populations
with a nearly global distribution. The specimens showed
morphological variation in between the different
populations, but always regarding inconspicuous details
that made it difficult to determine if they represented
sexual or developmental dimorphism, intraspecific
variation, or signs of semicryptic speciation.
The specimens of C. vanhoeffeni collected at Balıkesir
follow the general patterns for the species, as described by
Neuhaus and Sørensen (2013). Besides the usual sexual
dimorphism, the specimens did not show any variation
suggesting adult, developmental dimorphism. However,
more specimens, or sampling at different times of the year,
might have revealed the occurrence of adult moulting.
Neuhaus and Sørensen (2013) stress the potentially
global distribution of the species, by including specimens
from the tropical Mid- and West Pacific, Northwest and
East Atlantic, East and West Indian Ocean, Oceania and
Korea. However, they do not include any Mediterranean
specimens. So far, the only published Mediterranean
records of C. vanhoeffeni are from the south- and southeast
coast of Spain (Sánchez et al., 2012). More recently, but still
not published, Herranz and Sørensen collected the species
from the Gulf of Naples in the Central Mediterranean, and
with the current findings of C. vanhoeffeni from Turkey
in the East Mediterranean, we have clear indications
that the species most likely can be found throughout the
Mediterranean Sea.

3xpe(♂)

lts

The species’ morphology is already well-documented
(see Neuhaus (2004), and Neuhaus and Sørensen (2013)),
thus we find it redundant to provide further photo
documentation in the present contribution.
3.6. New observations and records of Cephalorhyncha
flosculosa Yıldız et al., 2016
Figures 8A–8F
Material examined: The species was relatively
abundant at two stations, St. 5 and St. 8, near Antalya (see
Table 1 for station data). From the subtidal Station 5, six
males and one juvenile were mounted for LM, whereas two
females, five males and a juvenile were mounted for SEM.
From the shallower Station 8, two females, four males and
five juveniles were mounted for SEM. All LM specimens are
deposited at NHMD under catalogue numbers NHMD872940 to 872946, and all SEM specimens are stored in the
reference collection of the first author.
Description: The morphology of the examined
specimens generally followed the original species
description by Yıldız et al. (2016), regarding tube- and
spine patterns (Figures 8A–8B, 8D–8E), composition
of segment 2 (Figure 8D), and the presence of small,
midventral flosculi near the posterior segment margins
(Figure 8C). However, they also differed at two important
points: Paradorsal sensory spots were clearly missing
on segments 4 and 5 (Figure 8E), and segment 11 has
a middorsal fissure (Figure 8F), which means that the
segment is composed of two tergal and two sternal plates.
To clarify these potential differences, the type material
and supplementary material from the original description
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Figure 8. Scanning electron micrographs showing overviews and details of Cephalorhyncha flosculosa. (A) Lateral overview. (B) Segment
4, subdorsal view. (C) Segments 6 to 7, ventral view. (D) Segments 1 to 3, ventral view. (E) Segments 4 to 6, dorsal view. (F) Segments 10
to 11, dorsal view. Abbreviations: fl, flosculus; mdf, middorsal fissure; mds, middorsal spine; pdss, paradorsal sensory spot; pmf, partial
midventral fissure; sdss, subdorsal sensory spot; vlt, ventrolateral tube; vmss, ventromedial sensory spot.

was reexamined, which revealed a similar morphology
in these specimens. The description of C. flosculosa
should therefore be emended regarding these details. The
misinterpretations from the original description was due to
the fact that most specimens were strongly contracted, and
the anterior segment areas would most often be covered by
the free flaps of the preceding segments. Long, papillary
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hairs emerging under the free flaps of segments 4 and 5
had been misinterpret as papillae from sensory spots, and
the dorsal side of segment 11 had been completely covered
in all specimens.
Notes on new observations: Cephalorhyncha flosculosa
was described from the southwest coast of Turkey, near
Bodrum and Fethiye (Yıldız et al., 2016), thus finding the
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species in Antalya as well was no surprise. However, the
species has so far been known from intertidal localities
only, thus finding it subtidally at 2 to 3 m depth expands
its habitat range slightly.
The confirmed absence of paradorsal sensory spots on
segments 4 and 5 makes C. flosculosa even more similar
with its close congener Cephalorhyncha liticola Sørensen,
2008. Still, the two species can be distinguished by the
midventral flosculi, present in C. flosculosa only. This
character can be difficult to observe though, and it requires
SEM observations on a specimen without collapsed sternal
plates. Thus, an easier way to distinguish the two species
is by comparing sensory spot patterns on the posterior
segments. The sensory spot distribution in the two species
is basically identical on segments 1 to 8. Sensory spots on
segment 9 differ considerably though, as C. liticola only
has a pair of midlateral sensory spots on its tergal plate
(Sørensen, 2008), whereas C. flosculosa also has a pair of
paradorsal and subdorsal sensory spots. The middorsal
fissure of the tergal plate in C. flosculosa could potentially
also be a difference from the condition in C. liticola. This
species appears to have an undivided tergal plate on the
terminal segment, but it would be preferable to have this
confirmed from more specimens.
The middorsal division of the terminal segment is
not uncommon among species of the smaller genera of
Echinoderidae. About half of the species accommodated
in Cephalorhyncha, Fissuroderes and Meristoderes has
divided tergal plate on the terminal segment (Neuhaus and
Blasche, 2006, Sørensen et al., 2013).
4. Discussion
4.1. Paraventral bristle-like hairs – taxonomic and
phylogenetic implications
During the examination of E. shahmaranae sp. nov. the
presence of patches with very strong and conspicuous
bristle-like hairs were noted in paraventral positions of
segments 3 to 6. Many echinoderid species have shieldshaped or rhomboid patches of filiform cuticular hairlike extensions in paraventral positions, such as described
from Echinoderes gizoensis Thormar & Sørensen, 2010 and
E. skipperae Sørensen & Landers, 2014 (see Thormar and
Sørensen, 2010; Sørensen and Landers, 2014), but actual
bracteate hairs or even thicker bristle-like hairs in these
positions appear to be much more uncommon. On one
hand, the hairs of the new species appear very distinct
in both LM and SEM, which suggests that they could
be of taxonomic significance, but on the other hand, it
is not a character that previously has been emphasised
in echinoderid taxonomy. In order to explore if this is a
common, rare, or perhaps even unique character trait,
information was attempted gathered from all other
known echinoderid species: primarily and when possible

from direct observations of specimens, secondarily
from published photos, or alternatively from the written
literature and line art reproductions. A search through
the 153 currently described echinoderids, confirmed that
paraventral hairs of varying thickness and rigidity were
present in only sixteen species, whereas the absence of
such hairs could be confirmed for 106 species, leaving only
31 species as uncertain. The remaining uncertain ones
were mostly species with older, more simplistic and less
exact descriptions.
Species with paraventral hairs include: Echinoderes
antalyaensis, E. astridae, E. belenae, E. bispinosus, E.
cantabricus, E. charlotteae, E. hispanicus, E. horni, E.
intermedius, E. parahorni, E. peterseni, E. reicherti,
E. uozumii, Meristoderes boylei, M. galatheae and
M. macracanthus, and the presence of these hairs is
documented in Figures 9A–9L and 10A–10D.
A closer examination of the paraventral hairs in the
sixteen species and E. shahmaranae sp. nov. shows that the
hairs differ between the species, structurally (i.e. thickness,
length and rigidity) as well as regarding the segments on
which they occur. In some species, paraventral hairs are
clearly present, but morphologically they do not differ from
any other bracteate cuticular hair on the tergal or sternal
plates, except for sometimes being slightly longer. These
species are: E. uozumii, E. cantabricus and E. charlotteae
(paraventral hairs present on segments 3 to 5), E. belenae,
E. hispanicus, E. horni, E. parahorni, (paraventral hairs
present on segments 3 to 6 in these four species), M. boylei
(paraventral hairs present on segments 3 to 7), and E.
antalyaensis (paraventral hairs present on segments 3 to 9)
(Figures 9A–9F and 10A–10C).
A second hair composition observed among the
examined species showed hairs that are longer and at least
twice as thick, as any other cuticular hairs on the tergal
or sternal plates. Species with these hairs are: E. astridae,
E. bispinosus, E. intermedius, E. peterseni, (paraventral
hairs present on segments 3 to 5 in these four species), E.
reicherti, and M. galatheae (paraventral hairs present on
segments 3 to 6 in the two latter species) (Figures 9G–9K
and 10D). Finally, we see a third type, with paraventral
hairs that are not only thicker and longer than any other
hair, but also quite rigid and showing a curved appearance
that is maintained even after fixation and mounting of the
specimen. Such hairs are present only in M. macracanthus
(Figure 9L) and E. shahmaranae sp. nov. (Figure 5J).
The taxonomic and phylogenetic significance of these
paraventral hairs obviously need to be explored further,
and as a character it is not unproblematic. First of all,
it is difficult to unambiguously quantify the different
paraventral hair-types, and the distinction has to some
extent to rely on visual inspection. Second, we still need
information from +30 species. However, we note the
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Figure 9. Comparative scanning electron micrographs showing paraventral hair patches in selected echinoderids. Species with paraventral cuticular
hairs of nearly same length and thickness as hairs posterior rows on tergal plate (A–F): (A) Meristoderes boylei, segments 3 to 7. (B) Echinoderes belenae,
segments 3 to 6. (C) Echinoderes parahorni, segments 3 to 6. (D) Echinoderes uozumii, segments 3 to 6. (E) Echinoderes cantabricus, segments 3 to 7.
(F) Echinoderes charlotteae, segments 3 to 6. Species with conspicuously thicker and longer hairs than other cuticular hairs on segment (G–K): (G)
Echinoderes astridae, segments 4 to 5. (H) Echinoderes intermedius, segments 3 to 6. (I) Echinoderes peterseni, segments 3 to 6. (J) Echinoderes reicherti,
segments 3 to 5. (K) Meristoderes galatheae, segments 3 to 6. Species with paraventral cuticular hairs being rigid and bristle-like: (L) Meristoderes
macracanthus, segments 3 to 6. Paraventral areas with hairs are indicated with dashed squares.
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Figure 10. Comparative light micrographs showing paraventral hair patches in selected echinoderids. Species with paraventral cuticular
hairs of same length and thickness as hairs posterior rows on tergal plate (A–C): (A) Echinoderes hispanicus, segments 3 to 6. (B)
Echinoderes horni, segments 3 to 6. (C) Echinoderes antalyaensis, segments 3 to 7. Species with conspicuously thicker and longer hairs
than other cuticular hairs on segment: (D) Echinoderes bispinosus, segments 4 to 6. Paraventral areas with hairs are indicated with
dashed squares.

coinciding appearances of paraventral hairs in species
that we already would consider to be closely related. This
includes for instance E. horni and E. parahorni, that could
be considered as sister species (see Higgins, 1983; Cepeda
et al., 2019). Both species show thin paraventral hairs on
segments 3 to 6. Two other putative sister species are E.
astridae and E. bispinosus (see Higgins, 1982; Sørensen,
2014; Sönmez et al., 2016), that both have conspicuously
longer and thicker paraventral hairs on segments 3 to 5.
Also E. antalyaensis and M. galatheae are surprisingly
similar, but are still easily distinguished by the lack of
lateroventral spines in E. antalyaensis. Additional minor
differences include the partly differentiated sternal plates
and presence of two pairs of glandular cell outlets type
2 in M. galatheae (Herranz et al., 2012; Yamasaki and
Durucan, 2018). A third species, E. reicherti, shows great
resemblance with the two latter species (e.g., they all share
the presence of only a single middorsal spine), and differs
only in details on segment 2 and a more laterally displaced

set of tubes on segment 8 (Neves et al., 2016). These three
species are also among those with paraventral hairs,
although they are thicker and restricted to segments 3 to 6
in M. galatheae and E. reicherti, whereas the thinner hairs
in E. antalyaensis are present from segments 3 to 9. These
coinciding occurrences of paraventral hairs in putatively
closely related – or least morphologically similar species
- suggest that the hairs may play a role in understanding
echinoderid taxonomy and phylogeny.
4.2. Putative sister species of E. shahmaranae sp. nov.
If we turn the attention to E. shahmaranae sp. nov., two
interesting points are noteworthy: 1) as already pointed out
under “Notes on diagnostic characters”, E. intermedius – a
species with thick and long paraventral hairs on segments
3 to 5 – is the species that shows closest morphological
resemblance with E. shahmaranae sp. nov.; furthermore
2) only M. macracanthus shows paraventral hairs as
strong and rigid as E. shahmaranae sp. nov., and in both
species the hairs are present on segments 3 to 6. Based on
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the previously mentioned similarities in spine, tube and
glandular cell outlet 2 patterns, as well as the presence of
paraventral hairs, it is fair to assume a close relationship
between E. shahmaranae sp. nov. and E. intermedius.
However, the similar structure and segmental
arrangement of paraventral hairs in E. shahmaranae
sp. nov. and M. macracanthus also calls for a closer
comparison. M. macracanthus has so far been assigned
to a different genus, based on the incomplete tergosternal
junctions on segment 2 (Herranz et al., 2012) but even if
we ignore this difference for a moment, the two species
share a surprising amount of characters. The spine
patterns in the two species are identical, and differences
in tube and glandular cell outlet patterns is restricted to
segment 2, where E. shahmaranae sp. nov. has a pair of
subdorsal tubes and sublateral glandular cell outlets type 2
– two characters that are missing in M. macracanthus, but
within Echinoderes easily could be considered differential
characters between two otherwise closely related species.
Both species also share the presence of extraordinary long
middorsal spines, where the one on segment 8 reaches
or extends beyond the terminal segment. Also the sexual
dimorphism expressed in the lengths of the laterodorsal
tubes on segment 10 is shared between the two species, as
is their distributions of glandular cell outlets type 1. Finally,
the two species share a similar trunk shape. Variations
in trunk shapes among echinoderid species have always
been a severely neglected character trait, despite the fact
that echinoderid trunks show great variation. When
comparing the cylindrical trunk of an E. coulli group
species, with the compact trunk of E. dujardinii, or the
slender trunk of E. skipperae (compare images of, e.g., E.
applicitus or E. strii in Ostmann et al. (2012) and Pardos
et al. (2016b) with E. dujardinii in Sørensen et al. (2020)
and E. skipperae in Sørensen and Landers (2014)) these
disparate trunk shapes become visually distinct. But yet,
as obvious as this variation might seem, it is difficult to
quantify and compare objectively, which might explain
the historical neglect of the character. We need, however,
to include and consider the information we can get from
the various trunk shapes, as they might provide important
hints to understand the complex phylogenetic pathways
within Echinoderidae and across the echinoderid genera.
E. shahmaranae sp. nov. and M. macracanthus share
the same distinct trunk shape with highly arched tergal
plates, that do not fold to form tergosternal articulations
on the ventral side of the animal. Instead, they meet the
sternal plates at the lateroventral corners. The arched
tergal plates, combined with the relatively narrow sternal
plates give both species a very slender appearance in
dorso-ventral view (Figure 5B), whereas the species
display a very broad lateral surface when viewed from
lateral perspective (Figure 5A). In SEM they furthermore

546

seem to have a relatively thin cuticle, which make them
appear more flexible than many other echinoderids, and
make the markings of the inner pachycycli reinforcements
more distinct.
These similarities in trunk shape, combined with the
above-mentioned patterns of cuticular structures suggest
that E. shahmaranae sp. nov. and M. macracanthus
might be phylogenetically closer to each other than the
generic division might suggest. Recent contributions have
already challenged the monophyly of most genera within
Echinoderidae (Neuhaus, 2013; Sørensen et al., 2020) and
the present results only support this, and stress the urgent
need of a revision of the family.
5. Conclusion
The present study represents a major increase in our
knowledge about Turkish and East Mediterranean
kinorhynch fauna. Exploration of eight stations along the
Turkish West and South coasts, resulted in the finding of
six kinorhynch species, of which E. shahmaranae sp. nov.
is described as a new species, and two species, E. riedli and
C. vanhoeffeni are new to Turkey. One additional species,
Echinoderes sp., might potentially represent a new species.
Echinoderes shahmaranae sp. nov. is formally described
from a station near Muğla. It has, however, previously been
recorded from localities near Blanes in Spain, suggesting
that the species might be present throughout the
Mediterranean. Besides showing the unique morphology
that suggests its novelty, the species description sheds
light on a new and promising echinoderid character, i.e.
the presence of bristle-like paraventral hairs. This finding
prompted a comparison of this character throughout
Echinoderidae, and it appears that such hairs are present in
only sixteen other known echinoderids. These paraventral
hairs appears to provide information with phylogenetic
significance. The presence of particularly strong and rigid
paraventral hairs, in combination with other characters
such as spine, tube, and glandular cell outlet patterns,
suggests that E. shahmaranae sp. nov. is closely related
with E. intermedius, and perhaps also M. macracanthus.
The finding of E. gerardi at multiple stations confirms
that this at present seems to be the most common Turkish
kinorhynch, whereas E. riedli on the other hand never
was recorded from Turkey before. In fact, this is only the
third time the latter species is reported. Cephalorhyncha
flosculosa was originally described from Turkey, but the
finding of fresh specimens allowed a reexamination of the
species, which clarified – opposite to information from
the original description – that the species do not have
paradorsal sensory spots on segments 4 and 5, and that
the tergal plate of its terminal segment is divided by a
middorsal fissure.
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The information from the present study brings the
number of kinorhynch species from Turkey up to seven
known and named species, and two potentially new, yet
undescribed species. The study reveals that exploration of
kinorhynchs around Turkey still can provide us with much
new information, and we would recommend that future
studies focus on kinorhynchs from muddier habitats, and
from localities along the Black Sea coast, and the easternmost
Mediterranean coast, inclusive the Gulf of Iskenderun.
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